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ABSTRACT
Introduction. Traumatic Brain Injury (TBI) is a worldwide health problem, and is a pathology that causes significant mortality 
and disability in Latin America. Different scores and prognostic models have been developed in order to predict the neurologi-
cal outcomes of patients. We aimed to test the prognostic accuracy of the Marshall CT classification system, the Rotterdam CT 
scoring system, and the IMPACT and CRASH models, in predicting 6-month mortality and 6-month unfavourable outcomes in 
a cohort of trauma patients with TBI in a university hospital in Colombia. 
Methods. We analysed 309 patients with significant TBI who were treated in a regional trauma centre in Colombia over a two 
year period. Bivariate and multivariate analyses were undertaken. The discriminatory power of each model, as well as its accu-
racy and precision, were assessed by logistic regression and AUC. Shapiro Wilks, chi2 and Wilcoxon test were used to compare 
the actual outcomes in the cohort against the predicted outcomes.
Results. The median age was 32 years, and 77.67% were male. All four prognostic models showed good accuracy in predicting 
outcomes. The IMPACT model had the greatest accuracy in predicting an unfavourable outcome (AUC 0.864; 95% CI 0.819 - 
0.909) and in predicting mortality (AUC 0.902; 95% CI 0.862 - 0.943) in patients with TBI.
Conclusion. All four prognostic models are applicable to eligible TBI patients in Colombia. The IMPACT model was shown to 
be more accurate than the other prognostic models, and had a higher sensitivity in predicting 6-month mortality and 6-month 
unfavourable outcomes in patients with TBI in a university hospital in Colombia.
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Introduction 
Traumatic brain injury (TBI) has a significant impact 
worldwide. Its incidence has been reported to be nearly 
200 cases per 100,000 people worldwide [1]. According to 
the Global Burden of Disease Study published in 2010 by the 
World Health Organisation, trauma remains a public health 
problem and represents an important burden of disease for 
healthcare systems in Latin American countries [2–3]. In 
Colombia, the burden of such injuries particularly affects the 
male, economically active population aged between 12 and 
45 years. In 2013, 26,000 deaths were due to trauma, and most 
of these were associated with interpersonal violence. Of these 
injuries, a large percentage was associated with closed TBI 
and penetrating TBI [4].
TBI remains the main cause of death and disability in 
young adults worldwide [5–6]. It is a heterogeneous disease 
in relation to cause, pathology, severity, and prognosis. This 
results in considerable uncertainty regarding the expected 
outcome of individual patients. Several outcome prediction 
models have been developed for the prognosis of TBI patients 
to address this uncertainty [7]. These prognostic models can 
be used to combine different characteristics of individual 
patients to predict their clinical outcome. Prognostic mo-
dels may also be useful as tools to compare outcomes across 
institutions, healthcare systems, and countries, and may be 
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an essential part of the planning of new studies in the field 
of brain injury.
The Glasgow Outcome Scale (GOS) is widely used in TBI 
management and surgery outcome studies [8]. Two prognostic 
models (the International Mission for Prognosis and Analysis 
of Clinical Trials in TBI [IMPACT] model, and the Corticoste-
roid Randomisation After Significant Head Injury [CRASH] 
model), both based on large TBI clinical trial datasets, have 
recently been cross-validated and externally validated. [9–12]. 
IMPACT applies to adult patients (age ≥ 14 years) with 
a Glasgow Coma Scale (GCS) score of ≤ 12 to predict the 
probabilities of 6-month favourable outcome and 6-month 
mortality. 
CRASH applies to adult patients (age ≥ 16 years) with 
a GCS score of ≤ 14 to predict the probabilities of 14-day 
mortality and 6-month unfavourable outcome. 
The calculator models predict outcomes based on specific 
variables including country of incident, patient age, and cli-
nical and imaging findings in the emergency room [13–14].
Another diagnostic technique for assessing TBI is bra-
in imaging by computed tomography (CT) and magnetic 
resonance imaging (MRI). Brain imaging significantly aids 
early diagnosis and effective treatment of life-threatening 
conditions in patients with TBI [15]. However, brain CT is the 
gold standard for assessing patients with acute TBI. Currently, 
there are two CT-based systems for evaluating CT findings, 
the Marshall Classification System (MCS) and the Rotterdam 
Scoring System (RSS) [16–17]. 
The MCS, developed by Marshall et al. in 1991, was the 
first CT-based system for determining the prognosis of TBI. 
The MCS classifies CT findings into four grades: Grade 1, no 
pathologic findings; Grade 2, basal cisterns are present and 
midline shift is less than 5 mm; Grade 3, basal cisterns are 
compressed; and Grade 4, midline shift is greater than 5 mm. 
[16]. This system was developed primarily for predicting pa-
tient outcomes and the risk for increased intracranial pressure 
in patients with severe TBI. 
In 2005 Maas et al. introduced the RSS. This system 
provides a better estimation of disease prognosis by using 
certain criteria such as basal cistern condition, midline shift, 
traumatic subarachnoid or intraventricular haemorrhage, and 
epidural haematoma. Rotterdam scores predict post trauma 
6-month mortality rate as follows: score 1, 5%; score 2, 7%; 
score 3, 16%; score 4, 26%; score 5, 53%; and score 6, 61%. 
In this study, we aimed to test the prognostic accuracy of 
the Marshall CT score and the Rotterdam CT score, as well as 
the accuracy of the International Mission for Prognosis and 
Analysis of Clinical Trials in Traumatic Brain Injury (IM-
PACT) and Corticosteroid Randomisation after Significant 
Head Injury (CRASH) models, in predicting 14-day mortality, 
6-month mortality, and 6-month unfavourable outcomes in 
a cohort of trauma patients with TBI in a university hospital 
in Colombia.
Materials and methods
Patient population
This retrospective, observational cohort study was per-
formed at Neiva University Hospital (NUH) in southern 
Colombia. Included in the study were patients with TBI who 
were admitted to NUH between January 2014 and December 
2015. Approval was obtained from the NUH quality impro-
vement office and the Ethical Committee of Neiva University 
Hospital prior to conducting this study.
NUH is a 504-bed, level I trauma centre and tertiary refer-
ral hospital in southern Colombia that admits approximately 
2,000 adult trauma patients per year and has 30 adult ICU 
beds. This hospital is the primary trauma centre for 3.2 million 
inhabitants living in a region extending over 60,000 square 
miles.  In order to be included in this study, patients had to 
be 18 years or older and suffering from TBI (loss of conscio-
usness or change in consciousness level with a head and neck 
Abbreviated Injury Severity score ≥ 2). The Glasgow Coma 
Scale (GCS) was used to classify the trauma level: minor (GCS 
15–13), moderate (GCS 9–12), or severe (GCS 3–8).
Clinical outcome
The variables and results were evaluated according to 
the Glasgow Outcome Scale (GOS) at 6 months post injury, 
creating a dichotomous variable with a favourable outcome 
(GOS  4 or 5), and an unfavourable outcome (GOS 1–3) 
[11, 12]. In addition, we evaluated the prediction of mortality 
that was given by the Marshall CT score, Rotterdam CT score, 
and the IMPACT and CRASH models versus those obtained 
in the study patients.
Prediction of outcome
We used the web-based prognosis calculator published 
by the CRASH collaborators and applied it to the patient 
group described above. The variables which were found by 
the CRASH study group to have the largest influence on the 
outcome, and were thus used in the CRASH prognostic cal-
culator, were: country, age, Glasgow Coma Scale (GCS) score, 
pupil reactivity, and the presence of any other major trauma 
(defined as an injury which would have rendered the patient 
in need of in-hospital care in and of itself). If a CT scan of 
the brain was performed within eight hours of trauma, the 
following features on the scan were used in the calculation of 
prognosis: presence of petechial haematoma, obliteration of 
basal cisterns or the third ventricle, subarachnoid haemorr-
hage, midline shift, and non-evacuated haematoma.  For the 
individual patient, the CRASH prognosis calculator predicts 
risk of mortality at 14 days after the injury and the risk of an 
unfavourable outcome (GOS 1–3) at 6 months after trauma 
with percentages at 95% [10]. 
The Marshall Classification System (MCS) was the first 
CT classification system to determine the prognosis of TBI. 
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The MCS classifies CT findings into four grades: Grade 1, no 
pathologic findings; Grade 2, basal cisterns are present and 
midline shift is less than 5 mm or presence of high density 
lesions or mixed of no more than 25 cc; Grade 3, basal ci-
sterns are compressed with deviation of midline of no more 
than 5 mm; and Grade 4, midline shift is greater than 5 mm; 
mass evacuated and not evacuated mass.  This system was 
developed primarily for predicting patient outcomes and 
the risk for increased intracranial pressure in patients with 
severe TBI [15]. 
The IMPACT model is an analysis that has been used for 
the development of prognosis models for mortality and un-
favourable outcomes at six months in patients with moderate 
or severe TBI. In our study, we only included patients with 
severe TBI (Glasgow Coma Scale ≤ 8) on admission. Using 
IMPACT, the following criteria were evaluated: age, motor 
score, pupil reactivity, presentation of states of hypoxia, hypo-
tension, Marshall CT classification, subarachnoid bleeding on 
CT, epidural mass on CT and laboratory tests such as glucose 
levels and haemoglobin [9–11].
The Rotterdam Scoring System (RSS) provides a better 
estimation of disease prognosis by using certain criteria such 
as basal cistern condition, midline shift, traumatic subarach-
noid or intraventricular haemorrhage, and epidural haemato-
ma. Rotterdam scores predict post trauma 6-month mortality 
rate as follows: score 1, 5%; score 2, 7%; score 3, 16%; score 
4, 26%; score 5, 53%; and score 6, 61% [16].
Statistics
Values are reported as mean ± standard deviation. Discre-
te variables are reported as median and range. Logistic fit 
and receiver operating characteristic (ROC) statistics were 
used as indicated. The statistical software used was SPSS 
Statistics (Version 21, IBM Corporation) and the R software 
environment (Version 2.15.2, The R Foundation for Statistical 
Computing, Vienna, Austria). A p value < 0.05 was regarded 
as significant. The discriminatory power of the model, its 
accuracy and precision, were assessed by logistic regression 
and as the area under the receiver operating characteristic 
curve (AUC). Shapiro Wilks, chi2 and the Wilcoxon test were 
used to compare real outcomes in the cohort against predicted 
outcomes. We made a multivariate logistic regression and ana-
lysis. We excluded variables that were not significant at a 5% 
level. We quantified each variable’s predictive contribution by 
its z score (the model coefficient divided by its standard error). 
We explored linearity and interactions between the variables 
and all predictors were evaluated by p value and the IC.
Results
309 patients were admitted with a diagnosis of TBI over 
a period of two years to Neiva University Hospital. Median 
age in the validation cohort was 32 years and 77.67% were 
male. 95.47% of the patients had experienced blunt trauma, 
the median of injury severity score was 4, imaging findings 
showed 23.3% had midline shift, and subdural haematoma 
was present in 28.8%. The characteristics of the 309 patients 
included in this study are set out in Table 1. 
Six-month mortality was 12.62%. Six-month unfavourable 
outcome was 17.15%. The IMPACT model had the best rate 
of accuracy in predicting 6-month unfavourable outcome 
was 20% p < 0.001 (AUC 0.864; 95% CI 0.819 - 0.909) and 
6-month mortality was 12% p < 0.001 (AUC 0.902; 95% CI 
0.862 - 0.943) in patients with TBI. Mortality prediction by 
Marshall CT score was 13.5% p < 0.001 (AUC 0.819; 95% IC 
0.769-0.869). The 6-month mortality prediction by CRASH 
prognosis calculator was 5.3% p < 0.001 (AUC 0.877; 95% 
IC 0.825-0.930). The six-month unfavourable outcome pre-
diction by CRASH was 20% p < 0.001 (AUC 0.832; 95% IC 
0.785-0.881). The 6-month mortality prediction by Rotterdam 
Table 1. Characteristics of 309 patients with TBI
Variable Value
Median age in years (IQR) 32 (23-47)
Number of males (%) 240 (77.67)
Median initial GCS score (IQR) 9 (6-15)
Median ISS score (IQR) 4 (4-16)
Motor vehicle accidents (%) 276 (89.32)
Pupils (%)
Both nonreactive 49 (15.85)
One reactive 10 (3.23)
Both reactive 250 (80.91)
CT brain appearances (%)
Effaced basal cistern 226 (73.14)
Midline shift 72 (23.30)
Subarachnoid blood 62 (20.06)
Epidural haematoma 38 (12.30)
Subdural haematoma 89 (28.80)
Surgical management, no. (%) 126 (40.78)
Drainage of epidural haematoma 23 (18.25)
Drainage of subdural haematoma 68 (53.96)
Decompressive craniectomy 9 (7.14)
ICP monitoring 26 (20.63)
Unfavourable outcomes (%) 53 (17.15)
Favourable outcomes (%) 256 (82.84)
Median length of ICU stay, days (IQR) 12 (6-14)
Median length of acute hospital ward stay, 
days (IQR)
26 (14-49)
Mortalities (%) 39 (12.62)
ICU — intensive care unit; IQR — interquartile range; GCS — Glasgow Coma Scale;  
ISS — Injury Severity Score
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CT score was 7% p < 0.001 (AUC 0.875; 95% IC 0.814-0.936). 
These results are set out in Table 2.
Comparing the prediction of mortality and a six-month 
unfavourable outcome with the observed long-term are in 
Figure 1.
Discussion
TBI is a medical and surgical disease of major impor-
tance globally. [8] The World Health Organisation predicts 
that traffic accidents will be the third-leading cause of illness 
and injuries worldwide by 2020, and this is one of the most 
common causes of TBI.  Prognostication is important when 
considering outcomes, especially when it’s considered to be 
potentially life-saving. Traditionally, neurosurgeons have re-
lied on individual clinical parameters such as age, initial GCS 
score, and pupillary responses, combined with a radiological 
assessment, to guide clinical decisions and when counselling 
family members and surrogate decision makers regarding 
prognosis [18].  
Different models have been described for predicting mor-
tality and adverse neurological outcomes in TBI patients, the 
best known of which are the Marshall CT score, the Rotterdam 
CT score, and the IMPACT and CRASH models. In our cohort 
study, we had patients who were victims of head trauma and 
in applying the four models we evaluated the observed versus 
the predicted outcomes 6 months after the trauma. We found 
good performance from all four models in predicting morta-
lity. However, the IMPACT model had the best performance 
in our study. Different studies have been conducted into the 
validation of these models. In these studies, patients with se-
vere and moderate traumatic brain injury have been evaluated, 
and use of the different models and scores has shown that their 
performance and sensitivity is high [19–23].  
Studies related to TBI in populations of adolescents, 
adults and the elderly have revealed the presence of physical 
and cognitive consequences and inadequate emotional, be-
havioural, and inappropriate regulation [24]; some have even 
suggested that they may present a global functional disability 
[25] and long-term psychosocial disability [26]. Among the 
Table 2. Correlation between mortality and predictive models
Model Six-month predicted mortality Six-month mortality Spearman’s rho p
Rotterdam CT 
score
7% 0.,031 0.000
Marshall CT 
score
13.5% 0.025 0.000
IMPACT 12% 12.62% 0.020 0.000
CRASH 5.3% 0.026 0.000
Model Six-month predicted  
unfavourable outcome
Six-month unfavourable  
outcome
Spearman’s rho p
IMPACT 20% 17.15% 0.023 0.001
CRASH 20% 0.024 0.001
Figure 1. A. AUC of the models for six-month mortality, B. AUC of the models for six-month unfavourable outcome
A B
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survivors of trauma, a considerable proportion are left with 
important consequences that prevent their return to previous 
activities, or render impossible academic, professional or 
social progress [27]. This is why it is essential to implement 
neurocognitive rehabilitation programmes that favour the 
processes of adaptation and improvement of the quality of 
life of both patients and their families. The intervention that 
has been shown to be the most effective in addressing this 
type of health event is the non-pharmacological one, framed 
within a holistic model and a neurobehavioural paradigm 
that takes into account the results of the neuropsychological 
assessment and the individual’s environment, in addition to 
adjusting to the needs of the patient and family members. 
Rehabilitation processes include the more complex processes 
involved in returning to work [28] and vocational aspects 
have been shown to be more effective when adapted to the 
conditions of each individual patient [29].
Conclusions
The Marshall CT score, Rotterdam CT score, IMPACT 
and CRASH models were useful in predicting mortality and 
unfavourable outcomes in TBI patients in a university hospital 
in Colombia.  The IMPACT model was shown to be more 
accurate than the other prognostic models, and had a higher 
sensitivity in predicting 6-month mortality and 6-month 
unfavourable outcomes in patients with TBI.
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